2-week-old plants) were further treated with diluted (1/2-strength) Kasugai's nutrient solution containing 100 mmol/L NaCl for 3 days. Seedlings without NaCl treatment were used as control plants. The plants were harvested and weighed at the onset (0 day) and 3 days after NaCl treatment. The second leaf blades of intact seedlings were immediately used for the measurement of chlorophyll fluorescence. Other seedlings were frozen in liquid nitrogen and lyophilized with a freeze dryer (FD-550R, Tokyo Rikakikai Co, Ltd, Tokyo, Japan). Freeze-dried tissue was used for the extraction and determination of Na, amino acid and polyamine contents.
Analysis of each parameters. The effective quantum yield of photosynthetic energy conversion (ΦII = ΔF/Fm') was monitored by a chlorophyll fluorometer (MINI-PAM, WALZ, Effeltrich, Bayern, Germany). Na content was determined according to Kim et al. (1999) . Analysis of free amino acids and proline was carried out according to Desmaison et al. (1984) . Polyamines were analyzed by high performance liquid chromatography (HPLC) according to Flores and Galston (1982) . More details of analytic methods were given in a previous report (Yamamoto et al. 2004) .
All the data were based on two independent experiments with three replications. The difference in each value between treatments was analyzed by the Tukey's HSD test (P < 0.05).
RESULTS
Effect of salt stress on plant growth and chlorophyll fluorescence. Primary growth of NERICA rice, especially NERICA 1 and NERICA 7, was greater than that of japonica Nipponbare (data not shown). NERICA 6 was inferior to other NERICA rice varieties in primary and final growth (Figure 1a) . Growth of all rice seedlings was inhibited by 15-25% under 100 mmol/L NaCl treatment ( Figure 1a) . Figure 1b shows chlorophyll fluorescence (ΦII) in the 2 nd leaf blades under the salt-stress condition. The ΦII value of all varieties were the same under the non-stress condition, but decreased variably under the salt-stress condition. The decrement rates of ΦII of NERICA 2 and Nipponbare, 40% and 46%, respectively, were larger than those of other varieties. The ΦII value of NERICA 6 was inhibited only by 10% by salt stress, whereas its growth was significant inhibition by salt stress. Thus plant growth and ΦII levels show different responses to salt stress.
Effect of salt stress on Na content. Figure 2 shows the Na content in the leaf blades and roots of NERICA rice varieties and Nipponbare under the salt-stress condition. Leaf-blade Na accumulations in rice seedlings differed between varieties. In NERICA 2 and NERICA 6, leaf Na accumulation was higher, as in japonica Nipponbare, reflecting the growth and ΦII reduction under the salt-stress condition. Other NERICA rice varieties accumulated Na in leaf blades at rates of 44-63% of Nipponbare. Root Na accumulation was lower than that in leaf blades, and no clear differences were observed.
Effect of salt stress on amino acids. Proline contents, known to be compatible solutes (Yancey et al. 1982 , Rajendrakumar et al. 1997 , Magdy and Mansour 1998 , increased in leaf blades of (Table 1) . Meanwhile, proline accumulation of the salt-tolerant cultivar NERICA 1 was 35% of NERICA 2. As for the other varieties, NERICA 3, NERICA 4, NERICA 6 and Nipponbare accumulated 50% of the amino acids accumulated in NERICA 2 after the salt-stress treatment. Total amino acids increased 1.5-2.8 times with the salt stress. Effect of salt stress on polyamines. Contents of three polyamines, putrescine, spermidine and spermine, in the 2 nd leaf blades were more than twice higher in NERICA rice varieties than in Nipponbare (Figure 3a) . Especially, spermidine content was 2.4-3.6 times higher in NERICA rice varieties.
Changes of the polyamines under salt stress differed among varieties, though the pattern of decreases in putrescine and spermidine and an increase in spermine was most common (Figure 3b) . However, the decrements of putrescine and spermidine were more severe in salt-sensitive cultivar NERICA 2 than in salt-tolerant cultivar NERICA 1. NERICA 6, which did not show a decrease of ΦII despite having the same Na accumulation in the leaf blades as NERICA 2, showed a high concentration of polyamines after NaCl treatment together with salt-tolerant NERICA 1.
DISCUSSION
NERICA 1 was the most salt-tolerant among the NERICA rice varieties, based on growth inhibition and decrease of ΦII value in the 2 nd leaf blades; by contrast, NERICA 2 was the most salt sensitive (Figure 1 ). The trend in growth inhibition Data are means ± SE (n = 3). Asterisks indicate a significant difference between control and salt-stressed plants (*P < 0.05; **P < 0.01; ***P < 0.001). Values labeled with same lowercase letters on control columns or uppercase letters on salt-stressed columns are not significantly different (P = 0.05) Figure 2 . Effect of NaCl treatment on the contents of Na in the 2 nd leaf blades and roots of rice varieties. Details of symbols, variety numbers and statistical indicators are the same as for Figure 1 Leaf Root 0 of NERICA 2 at 3 days after NaCl treatment was higher than that of Nipponbare (Figure 1a ). Salt tolerance indicated by maintenance of ΦII was markedly larger among these varieties; no decrease of ΦII was observed in NERICA 1 whereas in NERICA 2 and Nipponbare, ΦII decreased by 40% and 46% respectively under the salt-stress condition (Figure 1b) . Furthermore, marked reduction was shown in Nipponbare under the 1.6-times lightintensity condition (data not shown). These results suggest that NERICA rice is not only droughttolerant but also salt-tolerant, and certainly more salt-tolerant than japonica Nipponbare. This is in agreement also with previous report that NERICA 1 is more tolerant to salt stress than NERICA 2 (Awala et al. 2010 ). Additionally, NERICA 1 and NERICA 7 showed superior growth at the 2 nd leaf stage ( Figure 1a) . It seems that a short growing period and early initial growth of NERICA rice were brought on by these varieties' high potential of polyamine biosynthesis, because spermidine is known to be an essential component of growth and development in polyamines (Feirer et al. 1985) . It is clear that the difference in salt tolerance between Nipponbare and NERICA rice is related to accumulation of Na in the leaf blade (Figure 2) . The relation of salt tolerance to absorbed Na was reported by many previous researchers (Yeo and Flowers 1986 , Lin et al. 2002 , Hoai et al. 2003 ; the present study supports their results. Salt tolerance of Leguminosae Lotus species was correlated with not only high responses of antioxidant system but also low Na absorption and accumulation in leaves (Melchiorre et al. 2009 ). Moreover, it was suggested that the difference of Na content in the leaf blade of NERICA rice varieties and Nipponbare were caused by Na absorption and translocation from the roots to leaf blades. Total amino acid content in leaf blades under NaCl treatment was high in NERICA 2 and low in NERICA 1 (Table 1) , which might be caused by proteolysis, a great accumulation of protein amino acids, and disturbance of nitrogen metabolisms, and accumulation of nonprotein amino acids or ammonia (data not shown).
A previous study reported a positive accumulation of amino acids by proteolysis for osmoregulation related to salt tolerance of rice growing under different nitrogen media (Yamamoto et al. 2004) . A close correlation between salt tolerance and amino acid accumulation was not considered for NERICA rice at this stage. Krishnamurthy and Bhagwat (1989) and many researchers reported changes in the polyamine content in rice under salt stress conditions. Lin and Kao (1995) observed a decrease in putrescine in shoots and roots of rice under salt stress, and an increase in polyamines and recovery of growth achieved by exogenous treatment of the putrescine substrates, arginine and ornithine. Exogenous putrescine was shown to inhibit Na absorption and decrease in rice yields (Prakash and Prathapasenan 1988) . We also reported that the metabolism of polyamines was correlated with the salt-stress response in rice seedlings (Yamamoto et al. 2004) . It was reported that the salt, drought and freezing tolerance changed by control of polyamine metabolic pathway in Arabidopsis thaliana (Urano et al. 2004 , Yamaguchi et al. 2006 , Cuevas et al. 2008 , Alcázar et al. 2010 ). Our present results suggest that the difference in salt tolerance between NERICA rice and japonica Nipponbare not only involves translocation and accumulation of Na in shoots, absorbed from roots, but a difference in the biosynthesis and metabolic activity of polyamines in the leaf blades (Figure 3 ). In the future, it will be necessary to perform a more detailed analysis of polyamine metabolism and gene expression in NERICA rice seedlings, and the responses and yield under salt stress conditions introduced at a later growth stage.
